According to the World Health Organization, about 314 million people are visually impaired, with 45 million blind. To benefit from state-of-the-art digital technology and the many emerging computer-controlled devices, these individuals need efficient and inexpensive refreshable full-page Braille displays. This would provide them effective ways to rapidly exchange information (e.g., e-mail and text messaging), as well as providing access to the plethora of information on the Web and other forms of electronic databases and archives (e.g., educational, employment, and recreational opportunities).
. The acronym EAP in upper case expressed in the six and eight dot Braille code systems. 1 height to approximately 0.5mm, and an actuation force of at least 0.15N. 2, 3 A standard Braille page is 28cm×30cm and has room for 25 lines of 40 characters each-which requires 6,000 to 8,000 dots. The small dimensions, the complexity of producing a reliable display that withstands daily wear and tear, and the small market make such active displays quite costly and challenging to develop.
Constraining the active display to one cell takes care of the size issue, but the disadvantage is that the user's finger cannot brush across the Braille cell. Instead, the finger rests on the refreshable Braille cell, a departure from the user's usual reading habit. Generally, prototypes and commercial products are electro-mechanical devices that raise dots through holes in a flat surface. Over the years, researchers developed and tested various actuators and mechanisms, such as electromagnetic, piezoelectric, thermal, pneumatic, and shape memory alloys. 4 In recent years, many electroactive polymer (EAP) materials have emerged with the potential to enable active, full-page displays. 5, 6 The key benefit of these materials is that they are increasingly enabling researchers to pack many actuators into a small area without interference. Pioneering these efforts, I conceived a refreshable Braille display in 1998 (see Figure 2) . 5, 7 The concept is based on using a field-activated type EAP actuator configured in an array form. Rows of electrodes on one side of an EAP film and columns on the other activate individual elements in the array. Each element is mounted with a Braille dot and is lowered by applying a voltage across the thickness of the Figure 2 . An EAP film with addressable dots at the intersection between selected row and column electrodes to which voltage is applied. 5, 7 selected element, causing local thickness reduction. Under computer control, dots would be activated to create tactile patterns of highs and lows representing the information to be read. A person would read by scanning with the fingertips, as in reading conventional Braille print. I also envisioned the possibility of presenting graphics to view illustrations or the road ahead.
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Since 2003, several groups have reported development of active Braille prototypes using EAP-based actuators, including Wollongong University jointly with Quantum Technologies in Sydney, Australia, 8 Darmstadt University of Technology in Germany, 3 (see a demonstration online 9 ) the University of Tokyo, the National Institute of Advanced Industrial Science and Technology (AIST) in Osaka, Japan, 2 Sungkyunkwan University in the Republic of Korea, 10 as well as Pennsylvania State University, 11 SRI International 12 (see video 13 ), and Carolina State University. 14 The researchers used materials such as conducting polymers, dielectric elastomers, ferroelectric, ionic polymer metal composite (IPMC), and polyvinylidene difluoride (PVDF). These were chosen since (of known EAP materials 5 ) they are the most ready for use in applications. The ionic EAP materials (conductive polymers and IPMC) are attractive for their low activation voltage while the field-activated ones (dielectric elastomer ferroelectric, and PVDF) generate a larger actuation force. These research efforts focus on developing miniature actuated pins/dots that can be packed into a small area while still generating sufficient displacement and force. The actuators are made to expand in an array form or to move levers. They are designed in various configurations including a film that is rolled around a pre-strained spring, a bimorph configuration, shaped as a multi-layered array, or consisting of a pre-strained diaphragm with a series of spring-backed elements. Figures 3 and 4 show examples of these devices.
While these displays are close to performing at the required specifications, challenges still limit their commercially viability. Future work should focus on the need for low activation voltage when using field-activated EAP, as well as the insufficient force in the case of IPMC, and the short cycling life of the conducting polymers. Also, there are challenges related to their reliable operation and mass-production limitations. Advances in developing more effective materials and processing techniques may lead to practical, low-cost, compact Braille displays.
Recently, the Center for Braille Innovation (of the Bostonbased National Braille Press) contacted me in an effort to start collaboration with researchers towards accelerating the development of EAP-actuated active Braille displays. Since these actuators have other applications as well-such as operating haptic/tactile interfaces 15 and displays for interaction with or through computers-I initiated a special session on this topic as part of the SPIE Electroactive Polymer Actuators and Devices Conference (scheduled for March 9, 2010 in San Diego, CA). A call for abstracts and demos (for the EAP-in-Action Session) was announced to provide a forum for highlighting the latest developments. 16 The market for haptic/tactile interfaces (see video 17 ) and displays is growing rapidly, and they are used in teleoperators and simulators, computer interfaces and video games (e.g., joysticks and the Wii game console), robotics, touch screens, tactile displays, surgical force-feedback devices, and other devices. 
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